Abstract. Transformation equations between magnitudes and color indices of the CCD and the standard Vilnius systems are calculated by the synthetic photometry method for two CCD cameras being used on the 1.8 m telescope of the Vatican Observatory on Mt. Graham. The color equations take into account the temperature, luminosity and interstellar reddening effects and make possible transforming the CCD color indices and magnitudes to the standard system with an accuracy of 0.01 mag.
INTRODUCTION
Two CCD cameras are available on the new 1.8 m VATT telescope of the Vatican Observatory at Mt. Graham in Arizona. The first of them is the Vatican CCD camera containing a thinned backilluminated Loral 2048 x 2048 CCD chip with pixel sizes of 15 //m and the field of view of 6.4 x 6.4 axcmin. It is extremely sensitive in the ultraviolet: its quantum efficiency is 80 % at 300 nm. The second CCD camera belongs to Columbia University. It contains a back-illuminated Tektronix CCD chip with 2048 x 2048 pixels of 24 fim size to give an 11.2 x 11.2 arcmin field of view. This chip has lower ultraviolet sensitivity: its QE falls down from 80 % at 400 nm to 10 % at 300 nm.
In July 1996 with these two cameras we started observations of galactic areas and stellar clusters. The filters UPXYZVS, fabricated by the Institute of Theoretical Physics and Astronomy (Vilnius, Lithuania), axe round, of 80 mm diameter. The U and P filters are glass, and the remaining are interference filters.
The present paper continues a series of papers devoted to establishing reliable methods for transforming magnitudes and color indices from various instrumental systems to the standard system using the method of synthetic photometry described in the first three papers of the series: Straizys, Boyle &; Kuriliene (1992) (hereafter Paper I) and Straizys, Kazlauskas, Boyle, Vrba & Smriglio (1996) (hereafter Paper II) and Straizys, Smriglio, Dasgupta, Boyle and Orlando (hereafter Paper III). Here we apply this method to the Mt. Graham CCD systems. Hereafter, we call these systems as the Vatican and the Columbia CCD systems. These systems differ only for the U and P ultraviolet passbands of the Vilnius system. The passbands X, Y, Z, V and S are the same.
FUNCTIONS
Energy flux distribution functions F(A) of 49 stars, representing different spectral and luminosity classes, were taken from the catalog of Straizys Sz Sviderskiene (1972) with the corrected fluxes in the ultraviolet, as described in Paper II.
The response functions of both Mt. Graham CCD cameras were obtained by multiplying the sensitivity curve of each CCD chip and the filter transmittance curves. For the ultraviolet passbands U and P, the selectivity of reflection of two aluminized mirrors and the transmittance of the atmosphere were taken into account. The quantum efficiency curve of the Vatican CCD chip was measured by Mike Lesser of the Steward Observatory CCD Lab and the curve of the Columbia CCD chip has been provided by Arlin Crotts (Columbia University). As it has been done in our previous papers, the reflection curve of freshly aluminized mirrors was taken from Azusienis & Straizys (1966) and the spectral transmittance curve of the atmosphere for a typical mountain observatory was taken from Straizys (1992) . Probably, the difference between this curve and the average transmittance curve at the Mt. Graham is less than the variations of the transmittance curves for different nights. The response functions for both CCDs are given in Tables 1 and  2 ; they are compared with the functions of the standard system from Straizys (1992) in Fig. 1 . In the case of U and P passbands, we plot the response functions of both systems corresponding to 1.0 air mass.
All CCD response functions show some small differences with respect to the functions of the standard system. The best coincidence is observed for the P and Y passbands. However, the CCD passbands X, Z, V and S all are slightly bluer in comparison with the standard functions. The manufacturer of the filters has predicted that within some time these filters will become close to the standard filters, due to the ageing effect. However, in March 1996 almost no change was observed in the filter curves, 1.5 years after their production. 
EQUATIONS FOR THE VATICAN CCD CAMERA
Color differences for the Vatican CCD camera are shown in Fig. 2 . As the first approximation, the following linear equations axe obtained (neglecting their nonlinearity and luminosity effects):
for the air masses 1.0, 1.5 and 2.0, with the standard deviations: 0.014, 0.013 and 0.013 mag, respectively;
The computed differences of color indices (standard minus CCD) for the Vatican CCD camera plotted against Y-V. Dots are for main sequence stars, crosses are for giants and circles are for supergiants. Arrows are interstellar reddening lines. On both axes the ticks at each 0.1 mag are given. 
EQUATIONS FOR THE COLUMBIA CCD CAMERA
As was mentioned, the response functions for the Columbia CCD camera differ from the functions for the Vatican CCD camera only in the ultraviolet, i.e. U and P passbands. Consequently, we have calculated color equations only for U-V and P-V color indices at different air masses. Color differences are shown in Fig. 3 
METAL-DEFICIENT STARS
Differences for color indices U-V, P-V and X-V between the standard and the CCD systems for subdwarfs, metal-deficient giants and blue horizontal-branch (BHB) stars are plotted in Figs. 4 and 5 for the Vatican and Columbia CCD systems together with the main sequence stars. The U-V and P-V indices are calculated for one air mass, as in Fig. 2 . In the case of U-V, the metallicity effect is practically absent for all three groups of metal-deficient stars. In the case of P-V, the metallicity effect of subdwarfs and metal-deficient giants is also insignificant. However, the BHB stars lie 0.01-0.02 mag lower than A-type stars of luminosity V. This effect is taken into account by using transformation equations of the (14)- (16) form. In the case of other color indices, the metallicity effect is insignificant.
CORRECTIONS TO V MAGNITUDE
The following color equations are obtained for the relation between V magnitudes, taking all spectral and luminosity classes:
with the standard deviations 0.012 mag and 0.007 mag, respectively. If we reject the M-type stars of all luminosities, the transformation is more accurate: 
CONCLUSIONS
The method of synthetic photometry is used to analyze the transforming of the magnitudes and color indices of CCD cameras, which axe in use at the Mt. Graham Observatory, to the standard Vilnius system. In some cases, small nonlinearity and luminosity effects are found. These effects are taken into account by including in the color equations the terms with some interstellar reddening-free parameters. As in the case of other CCD systems discussed in Papers II and III, Mt. Graham CCD photometry is transformable to the standard Vilnius system with the accuracy of 0.01 mag. In prac- Fig. 4. tice, the color equations should be applied by several iterations as described in Papers II and III. All constant terms in the color equations will be absorbed in fixing the zero points by a few standard stars in the field.
